ABSTRACT -The effects of NO donors on germination under saline stress have been much investigated for many species, however, there are reports that the effect caused by donors are effects of cyanide present. The aim of this study was to evaluate the effects of sodium nitroprusside (SNP) on germination, antioxidative system and lipid peroxidation of Senna macranthera seeds under saline stress. The osmotic potentials of -0.4 and -0.5 MPa of NaCl were used, as well as the concentration of 100 μM of sodium nitroprusside, inactive sodium nitroprusside. Germination rate, imbibition curves, antioxidant enzyme activity, lipid peroxidation, and protein content were evaluated. Similar effects were observed for sodium nitroprusside and inactive sodium nitroprusside, indicating that these effects were related to the release of the cyanide present in sodium nitroprusside. The sodium nitroprusside (SNP) improves the germination of Senna macranthera seeds under salt stress conditions, through release of cyanide. The cyanide favored germination, reducing lipid peroxidation and increasing the activity of the antioxidant enzymes.
Introduction
The damage caused by saline stress ranges from damage to proteins, lipids and nucleic acids to changes in photosynthesis and respiration of plants, affecting plant growth and development and this is a problem that occurs worldwide (Manai et al., 2014) . Salinity also affects germination, a fundamental stage in plant establishment, making it difficult to absorb water due to the reduction of the osmotic potential of the medium and facilitating the entry of toxic amounts of Na + and Cl -ions into seeds during immersion (Simaei et al., 2012) . Toxicity through excess of ions causes not only osmotic stress but also an increase in production of reactive oxygen species (ROS) can lead to oxidative damages in various cellular components such as proteins, lipids, and DNA, interrupting vital cellular functions of plants (Gupta and Huang, 2014) . One of the mechanisms seeds use to overcome oxidative stress is the action of antioxidant enzymes, such as superoxide dismutase (SOD), catalase (CAT), peroxidase (POX), and ascorbate peroxidase (APX) , that perform important functions in eliminating and neutralizing the ROSs produced under salt stress (Seckin et al., 2010) .
Nitric oxide (NO) is one of the most studied bioactive molecules being a free radical produced from L-arginine, a toxic, inorganic, colorless gas with seven nitrogen and eight oxygen electrons. NO has an important function in plant growth and development, in seed germination, primary and lateral root growth, pollen tube growth regulation, flowering, fruit ripening, senescence, defense response and abiotic stresses, and participate in the signalling molecule in different intracellular processes (Nasibi and Kalantari, 2009; Corpas et al., 2011) .
The participation of NO in the mechanism of response to salinity stress has been also reported, although the information available can sometimes be contradictory, depending on the plant species and the severity of the salinity treatment (Begara- Morales et al., 2014) .
Various studies have shown the positive effect of nitric oxide on increasing germination of seeds under different types of stress. NO under salt stress conditions in plants modulates ROS production and reinforces the activity of antioxidant enzymes (Singh et al., 2008) . This is due to an increase in the activity of antioxidant enzymes, such as superoxide dismutase (SOD) and catalase (CAT) (Kopyra and Gwóz´dz´, 2003) .
However, there are studies that demonstrate the positive effect on germination caused by nitric oxide donors is not from nitric oxide, as in a study to overcome Arabidopsis seed dormancy, where the overcome of dormancy was related to cyanide (Bethke et al., 2006) . The same was observed in seeds of Clitoria ternatea and Rhyncosia minima (Mullick and Chatterji, 1967) . Small signaling molecules (toxic in high concentration) play important role in dormancy alleviation and are under severe control of antioxidant system. The authors propose that ROS, reactive nitrogen species and hydrogen cyanide at accurate level are essential in the seed germination and all together play the important role as developmental regulators (Krasuska and Gniazdowska, 2012) .
In a previously study with of Senna macranthera (DC. ex Collad.) H. S. Irwin & Barneby, it was observed that the application of SNP in conjunction with saline stress is the best method to recover the germination of these seeds. These effects were similar to those brought about by the sodium nitroprusside treatment and were also observed in the treatments with inactive sodium nitroprusside and ferrocyanide, indicating that the effects observed were related to release of the cyanide present in the sodium nitroprusside (Silva et al., 2018) .
Based on these promising results of recovery of S. macranthera seeds under salt stress with sodium nitroprusside (SNP), the aim of this study was to evaluate the effects of the cyanide trough application of sodium nitroprusside (SNP) on germination and the antioxidative system of seeds under salt stress.
Material and Methods
For all tests the seeds of S. macranthera were mechanically scarified with number 100 sandpaper on the side opposite the hilum to break the physical dormancy. Then they were treated with CAPTAN fungicide at 0.2% (150 g.100 Kg -1 of seeds). Two concentrations of NaCl osmotic potentials (-0.4 and -0.5 MPa) were selected, causing a reduction of about 50% in seed germination (Silva et al., 2015) . Saline stresses of -0.4 and -0.5 MPa were applied in conjunction with 100 μM SNP, 100 μM inactive SNP (48 h of exposure to light) and pure water (control) that are efficient in the recovery of stress (Silva et al., 2018) .
Germination: four replications of 50 seeds were used. The seeds were placed to germinate in a seed incubator at 25 ºC with an 8 h photoperiod for 7 days. In all treatments, the seeds were kept in rolls of paper towel moistened with a volume of solution or of water equal to 2.5 times the weight of the dry paper under the conditions described above. Were evaluated the number of germinated seeds (with primary root of at least 2 mm length), and the percentage of germinated seeds was calculated.
Imbibition curve: imbibition curves were established for the treatments that were previously selected. The seeds were scarified mechanically or not scarified (control), placed in paper towel, and moistened with water at the proportion of 2.5 times the weight of the dry paper. The tests were conducted in four replications of 25 seeds for scarified seeds and for the control. The weight of the seeds was monitored every 60 minutes up to 12 h, every 3 h up to 84 h, every 6 h up to 108 h, and every 12 h up to 216 h, until root protrusion occurred in 50% of the seeds.
Antioxidant enzyme activity: for determination of the activity of the superoxide dismutase (SOD), catalase (CAT), peroxidase (POX), and ascorbate peroxidase (APX) enzymes, the seeds were placed to germinate in the treatments described above. At 0, 24, 48, and 72 h after sowing, the embryos (cotyledons and embryonic axis) were extracted, frozen in liquid nitrogen, and stored at -20 ºC until the time of evaluation. Crude enzyme extracts were obtained through maceration of 0.1 g of embryos in liquid nitrogen, followed by the addition of 2 mL of extraction medium, potassium phosphate buffer (0.1M; pH 6.8), containing ethylenediamine tetraacetic acid (EDTA) (0.1 mM), phenylmethylsulfonyl fluoride (PMSF) (1.0 mM), and 1% polyvinylpolypyrrolidone (PVPP) (w/v) (Peixoto et al., 1999) . The homogenized mixture was centrifuged at 19,000 g for 15 min. at 4 ºC.
SOD activity: 30 µL of crude enzyme extract to 2.97 mL of reaction medium, composed of 50 mM sodium phosphate buffer, pH 7.8, containing 13 mM methionine, 75 μM nitro blue tetrazolium (NBT), 0.1 mM EDTA, and 2 μM riboflavin (Del Longo et al., 1993) . The reaction was conducted at 25 °C in a reaction chamber lighted. After 5 min of exposure, lighting was interrupted, and blue formazan, produced by the photoreduction of the NBT, was measured by absorbance at 560 nm. The value of absorbance of a reaction medium equal to the previous one, but kept in the dark for the same period, used as a blank and was subtracted from the reading of each sample that received lighting (Giannopolitis and Ries, 1977) . A unit of SOD was defined as the amount of enzyme necessary to inhibit photoreduction of the NBT by 50% (Beauchamp and Fridovich, 1971) . The result was expressed in U min -1 .mg -1 protein. CAT activity: 30 µL of crude enzyme extract to 2.97 mL of reaction medium, composed of 50 mM potassium phosphate buffer, pH 7.0, and12.5 mM H 2 O 2 (adapted from Havir and McHale, 1987) . The decrease in absorbance at 240 nm at 25 °C was measured during the first minute of reaction. Enzyme activity was calculated using the molar extinction coefficient of 36 M -1 cm -1 (Anderson et al., 1995) , and the result was expressed in µmol min -1 .mg -1 protein. POX activity: 100 µL of crude enzyme extract to 2.90 mL of reaction medium, composed of 25 mM potassium phosphate buffer, pH 6.8, 20 mM pyrogallol, and 20 mM H 2 O 2 (adapted from Kar and Mishra, 1976) . Production of purpurogallin was measured through increase of absorbance at 420 nm at 25 °C. Enzyme activity was calculated using the molar extinction coefficient of 2.47 M -1 cm -1 (Maehley and Chance, 1955) , and the result was expressed in µmol min -1 .mg -1 protein. APX activity: 50 μL of crude enzyme extract to 2.95 mL of reaction medium composed of potassium phosphate buffer (50 mM, pH 7.8), 0.5 mM ascorbic acid, 0.1 mM EDTA, and 1.2 mM H 2 O 2 . Decrease in absorbance at 290 nm was observed during the first minute at 25 °C. Enzyme activity was calculated using the 2.8 mM 1 .cm -1 molar extinction coefficient and the result was expressed in µmol min -1 .mg -1 protein. Lipid peroxidation: samples of 0.2 g of S. macranthera seed embryo were homogenized with 2 mL of 0.1% (w/v) TCA and centrifuged at 12,000 g for 5 minutes. From each sample, 1 mL of the supernatant was removed and 3 mL of 0.5% (w/v) TBA and 20% (w/v) TCA were added. The mixture was incubated in hot water at 90 °C for 35 minutes, and the reaction was interrupted in an ice bath for 10 minutes. After that, the samples were centrifuged at 10,000 g for 5 minutes and a spectrophotometer reading was taken from the supernatant at two wavelengths, 532 nm and 600 nm. The molar extinction coefficient of 155 mM -1 .cm -1 was used to quantify the concentration of the lipid peroxides, and the results were expressed in nmol MDA g -1 (Heath and Packer, 1968) .
Protein content: protein content was determined using bovine serum albumin (BSA) as a standard (Bradford, 1976) . Enzyme extract in the amount of 50 µL was used with the addition of 1 mL of Bradford reagent, followed by shaking. After 20 minutes, the absorbance of the sample was read in a spectrophotometer at 595 nm.
Statistical analyses: the data on enzymatic activity, protein content, and lipid peroxidation were subjected to analysis of variance and the means of the treatments were compared by the Tukey test at 5% probability. The trials were conducted in a completely randomized design in a factorial arrangement with six treatments (salt stress, water, stress + SNP, SNP, inactive SNP, and stress + inactive SNP) x four soaking times (0, 24, 48, and 72 h) and four replications. The data were subjected to analysis of variance and represented by the mean ± standard deviation.
Results and Discussion
Saline stress caused a reduction on germination, regardless the treatment and osmotic potential. Saline stress treatments in conjunction with inactive SNP and SNP increased the percentage of germination when compared to pure stress (-0.4 and -0.5 MP). There was no significant difference in germination among control treatments (water), SNP and inactive SNP ( Figures 1A and B) .
These data corroborates studies carried out with the same specie (Silva et al., 2018) and where these substances are acting to bring about this recovery. In Arabidopsis a weakening of the root cell wall was observed 2-4 h after salt application (Feng et al., 2018) , which could be facilitating the entry of the SNP and causing a greater efficacy when applied in conjunction (the stress saline and the donor). These results evidenced the effect of nitric oxide and also of cyanide on the improvement of germination when the seeds were exposed to saline stress. Other studies have also shown that the positive effect of nitric oxide donors is not on nitric oxide, as in overcoming seed dormancy of Arabidopsis (Bethke et al., 2006) and on seeds of Clitoria ternatea and Rhyncosia minima (Mullick and Chatterji, 1967) .
According to the imbibition curve, germination in the inactive SNP treatment began at 54 h of soaking, achieving 50% germination in 60 h, whereas in the control and SNP, germination began at 60 h of soaking, and at 66 h the seeds achieved 50% germination (Figures 2A and B) .
For the treatments with -0.4 MPa in conjunction with inactive SNP and -0.4 MPa in conjunction with SNP, germination occurred after 75 h of soaking and achieved 50% germination at 120 h (Figure 2A ). For the treatments with -0.5 MPa in conjunction with inactive SNP and -0.5 MPa in conjunction with SNP, seed germination began after 81 h of soaking and achieved 50% germination after 180 h ( Figure 2B ).
For both salt stresses in conjunction with the SNP and inactive SNP treatments, soaking and root protrusion happened at the same time, confirming the results found in germination, where the effect may be from cyanide and not from nitric oxide. The treatment with inactive SNP, that did not contain NO, was soaked and issued roots within the same period as the SNP.
In the salt stresses -0.4 and -0.5 MPa, seed germination began after 84 and 90 h, respectively, and achieved approximately 50% germination at 144 and 216 h, respectively (Figures 2A and B) . In both salt stresses, water absorption was relatively slower since hydration occurred in a more restricted way in the presence of this osmotic agent, making the second phase of germination longer since there was a delay in germination under both potentials.
Effects similar to those caused by the treatment with SNP as germination rate, soaking and root protrusion, were also observed in the treatment with inactive SNP, indicating that the recovery of saline stress during germination in Senna macranthera is to the release of cyanide present in the SNP and not to the nitric oxide.
In regard to antioxidant enzymes, there was an accentuated increase in SOD activity in the initial hours of soaking, regardless of the treatment analyzed ( Figures 3A and 4A ). This accentuated increase from 0 to 24 h of soaking may be explained from this enzyme acting in the first line of defense of the cells against the ROS, catalyzing the dismutation reaction of the O 2 • to H 2 O 2 (Sharma et al., 2012) .
After that, detoxification of the H 2 O 2 is performed by enzymes such as CAT and different peroxidases (Gratão et al., 2005) . For detoxification of H 2 O 2 , the phenolic compounds can act as antioxidants, donating electrons to the guiacol dependent peroxidases (Sakihama et al., 2002) . Confirming these reaction sequences, greater activity of CAT, APX, and POX were mainly observed beginning at 24 h of soaking seeds (Figures 3 and 4) . The enzymes CAT, POX, and APX also exhibited a similar pattern, regardless of the treatment applied, with an increase in activity especially beginning at 24 h of seed soaking. The treatment with SNP had high activity of all the enzymes analyzed, especially beginning at 48 h of seed soaking (Figures 3 and 4) . In general, the activity of antioxidant enzymes increased under pure salt stress (-0.4 and -0.5 MPa). However, it was less than under the treatments with SNP and inactive SNP (Figures 3 and 4) .
CAT activity showed small increases in the treatments applied in conjunction with the potential of -0.4 MPa. After 48 h of soaking, there was a slight increase in the SNP treatment without application of salt stress, in a manner similar to SOD ( Figure 3B ). POX activity exhibited a pattern similar to SOD and CAT, with a sharp increase in activity for the treatment with SNP ( Figure 3C ). The APX enzyme differed from the other enzymes in relation to the treatment, where the highest activity was observed in the treatment with inactive SNP (Figures 3D and 4D) .
CAT activity showed small increases in the treatments applied in conjunction with the potential of -0.5 MPa. After 48 h of soaking, there was a slight increase only in the SNP treatment without application of salt stress ( Figure 4B ). The POX and APX activities showed a similar pattern, with an increase beginning at 24 h of soaking, especially in the SNP and inactive SNP treatment.
In the time of 24 h of soaking, there was no statistical difference in SOD activity for most of the treatments POX (μmol.min evaluated. In this same soaking time, the activity of the POX and APX enzymes were greater in the -0.5 MPa treatment, and the POX activity differed statistically from the other treatments. At 48 and 72 h of soaking, the treatment with SNP showed the highest activities of SOD, CAT, POX, and APX.
In general, the increase in antioxidant enzyme activity is mainly connected with the ROS produced, such as the superoxide radicals (O 2
•-) and hydrogen peroxide (H 2 O 2 ). When they are produced in large amounts, they cause oxidation of the cell components, which will lead to oxidative stress (Sies, 2017). The NO released by SNP is considered a versatile signaling molecule that function through interactions with cell targets through redox (Viswanath et al., 2017) . As observed, SNP was the treatment that, in general, brought about greater activity of the antioxidant enzymes, especially beginning at 48 h of soaking.
In a similar way, Wang et al. (2012) observed that the SNP induced an increase in activity of SOD, CAT, POX, and APX in alfalfa seeds (Medicago sativa) subjected to salt stress. These authors attributed such effects to the antioxidant protection system and attenuation of the toxic effects in seeds under stress. Fan et al. (2013) affirms that the protective role of NO under salt stress is at least partially connected with its ability to mediate the activity of antioxidant enzymes and/or direct elimination of the superoxide anion.
Nevertheless, it is noteworthy that the ROS are by products of aerobic metabolism and, at adequate levels in the cells, they can play an essential role in metabolism, such as H 2 O 2 in cell signaling, tissue restoration, and the seed germination process (Gill and Tuteja, 2010) . Within this context, H 2 O 2 is cited as a molecule that, together with NO, can act within a signal transduction network at cell levels that will result in alleviation of oxidative stress in plants (Qiao et al., 2014) . According to Zhang et al. (2009) , one of the cell signaling networks through the interaction between H 2 O 2 and NO is connected with expression of abscisic acid (ABA) and activity of antioxidant enzymes.
Although the treatment with inactive SNP resulted in an increase in all the antioxidant enzymes, this increase was more prominent in APX ( Figures 4C and 4D) . Oracz et al. (2009) propose that the ROS play a fundamental role in breaking dormancy in sunflower, acting as secondary messengers of the cyanide. Gniazdowska et al. (2010) indicate that both NO and cyanide stimulate the accumulation of ROS, leading to greater concentration of ethylene, and they favor the germination process. Krasuska and Gniazdowska (2012) reinforce the importance of interaction between the ROS and these molecules and their relations with the antioxidant enzyme system, affirming that cyanide at specific levels is essential in breaking dormancy of apple embryos, acting as a signaling molecule together with the ROS. The increase in enzyme activity is related to the toxic stress caused by saline stress, where the reactive oxygen species increase and consequently increase the activity of these enzymes. The inactive SNP and SNP in the present study would be an inducing activity of the antioxidant enzymes, which would reduce the concentration of H 2 O 2 in the seeds caused by saline stress.
Thus, the higher activity of the antioxidant enzymes in the treatments with SNP and inactive SNP may be related to these factors, since they modulate ROS production and reinforce antioxidant enzyme activity, interacting with high levels of ROS and acting as signaling molecules and antioxidants (Singh et al., 2008; Saxena and Shekhawat, 2013) .
For all the treatments, the malonaldehyde (MDA) content decreased throughout the germination process, especially beginning at 0 h of soaking ( Figure 5 ). The treatments with pure salt stress (-0.4 and -0.5 MPa) exhibited higher MDA content at 24 and 48 h of soaking, indicating greater lipid peroxidation, showing the effect of excess salts affecting membrane integrity. At these same soaking times, the MDA content was less in the treatment with SNP, indicating lower peroxidation of lipids through release of NO. For the 72 h soaking time, differences were not observed among the treatments ( Figure 5 ). Similar results are reported by Ahmad et al. (2016) .
According to Huaifu et al. (2007) , NO has the ability to restore and attenuate the damage in membranes through reduction in permeability and peroxidation of lipids. Nevertheless, membrane changes related to lipid peroxidation involve a complex network involving other biochemical mechanisms, controlled by hormones such as ABA (Monteiro et al., 2012) .
Just as for MDA, in all the treatments, there was a decrease in total proteins from the first few hours after the beginning of soaking up to 72 h. After 24 h of soaking, significant differences were observed among the treatments, and the most expressive decrease was observed in the -0.5 MPa treatment (Figure 6 ).
Unlike that observed for antioxidant enzyme activity and for MDA content, no statistical difference was observed of the treatment with SNP in relation to other treatments at any of the soaking times for total proteins (Figure 6 ). This reduction in all the treatments over the germination process indicates that this reserve is being used. In legume seeds, mobilization of reserve proteins begins with embryo development, supplying the nitrogen necessary for seedling growth (Buckeridge et al., 2004) . In an experiment with S. macranthera, an expressive increase was observed in Figure 6 . Total proteins of scarified S. macranthera seeds subjected to saline stress -0.4 (A) and -0.5 MPa (B), SNP, inactive SNP and saline stress in conjunction with SNP, inactive SNP and control (water). Bars: standard deviation. glucose content after 72 h of soaking, which may be credited to metabolism of other reserves, such as lipids or proteins, which are used by the embryo as an energy source and substrate for cell structures (Borges et al., 2002) . Nevertheless, this initial consumption of reserve protein varies according to the species, as observed for Caesalpinia peltophoroides, for which protein contents decreased from the beginning of soaking (Borges et al., 2005; Corte et al., 2006) .
Based on the results, where both salt stresses in conjunction with the SNP and inactive SNP treatments, showed effects similar in root protrusion and germination rate, indicating that these effects were related to the release of the cyanide present in sodium nitroprusside. The cyanide favored germination, reducing lipid peroxidation and increasing the activity of the antioxidant enzymes, which would reduce the concentration of H 2 O 2 in the seeds caused by saline stress.
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Conclusions
The sodium nitroprusside (SNP) improves the germination of Senna macranthera seeds under salt stress conditions, through release of cyanide. The cyanide favors the germination of Senna macranthera contributing to reduction in lipid
